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ABSTRACT 

The  present  Teohnical  Report  No.  V,  on  the  vcrk  done  under  the 
subject  contract,,  covers  the  quarter  June  1  to  August  31,  1950.  During  this 
period  the  synthesis  and  bench  scale  evaluation  of  ble-phospborus  compounds 
have  been  emphasised  In  view  of  the  promising  leade  discloBed  during  the 
first  year  of  work.  A  few  preparations  have  been  repeated  cither  because  of 
anomolous  early  results  or  because  of  desire  to  investigate  certain  materials 
further.  Attention  is  now  being  given  to  preparative  methods  amenable  to 
handling  in  larger  scale  to  provide  samples  for  Motor  Laboratory  testing  and 
more  comprehensive  bench  scale  evaluation.  In  particular  the  testing  of 
products  not  purified  by  distillation  to  avoid  the  need  for  tedious  molecular 
distillations,  is  underway.  The  total  numbers  of  compounds  produced  this 
quarter  are  as  follows:  phosphine  oxides,  1  (total  for  five  quarters,  10), 
phosphlnates,  5  ( 19 ) *  phosphorates,  l1*  (35>  of  which  2  are  repeats);  phos¬ 
phates  2  (2);  miscellaneous  (usually  as  intermediates  in  preparative  proce¬ 
dures),  5  (10);  grand  total,  2?  (?6). 

The  bench  scale  evaluation  studies  discussed  in  this  report  cover 
most  of  the  preparations  of  the  auarter.  Acid  numbers  have,  in  general,  been 
very  low.  Pour  points  below  -65  *F  were  possessed  by  the  majority  of  the  new 
compounds.  Viscosity  -  temperature  trends  are  represented  by  reasonable 
straight  lines  on  the  ASTH  chru-t  (lew  temperature  range);  the  deviations  free 
linearity  are  less  than  these  shown  by  many  other  synthetic  oils.  Viscosity 
indices  were  high  (  100)  for  almost  all  of  these  new  preparations,  as  was 

anticipated  since  their  manufacture  was  planned  on  the  basis  of  the  previous 
study.  Six  of  seven  bis-phoephonates,  for  example,  had  Sardinian  and  Nleser. 
viscosity  indices  betveen  122  and  131-  Flash  points  were  usually  above  lOO^F. 
In  general,  flammability  was  considerably  lower  than  that  of  HF-1  (AMS-H50A 
reference  standard),  and  thermal  stabilities  excellent,  although  the  "bottoms" 
products  (not  distilled)  were  poor  in  this  regard.  Corrosion  and  oxidation 
stabilities  are  the  least  satisfactory  of  the  properties  measured  and  there 
exist  wide  divergences  in  the  results  for  given  groups  of  ccmpounds.  Caustic 
treatment  for  Impurity  removal  has  proved  helpful  in  sene  cases,  as  has  the 
use  of  inhibitors.  As  mentioned  in  other  reports,  such  promising  results  were 
anticipated,  and  this  latter  attack  on  the  problem  is  being  actively  pursued. 
Wear  and  friction  studies  are  reported  at  some  length,  but  concise  generaliza¬ 
tions  are  not  readily  dlscer  able. 


-2- 


fieport  :io.  P-13239 


Ccmparisono  of  the  various  properties  are  drawn,  where  possible, 
between  both  the  new  materials  and  earlier  ones.  These  comparisons  are  made 
for  related  groups  such  as  dibutyl  "H"-phoephonates  where  R  7aries  from  C3  to 
Cie,  and  bis{dibutyi  phoaphono)  sctnpovnds . 

Motor  Laboratory  evaluations  have  been  begun  using  a  connercial 
phoephonatc  (to  spare  the  costly  laboratory  preparations)  to  gain  some 
experience  in  the  use  of  these  novel  materials.  Pesco  gear  pump  and  Lauson 
engine  teste  are  vrvierwsy . 
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PREPARATIONS 


I.  Introduction  and  Summary 

The  review  of  the  properties  of  the  organophosphorue  compounds 
given  n  Technical  Report  No.  IV  has  shown  that  of  the  phosphine  oxides, 
phosphine tes  and  phoaphonotee,  the  last  appear  to  he  the  most  stable. 

Although  the  phosphine  oxides  and  dialkanephosphinates  are  somewhat  more 
thermally  stable  when  heated  alone,  they  are  not  as  stable  as  the  phosphonates 
when  heated  under  oxidizing  conditions. 

During  the  present  quarter,  even  though  major  emphasis  has  been 
placed  on  the  phosphonates,  we  have  synthesized  one  more  phosphine  oxide  and 
six  dialkanephosphinates  in  an  effort  to  round-out  our  knowledge  of  the 
behavior  of  these  latter  classes. 

The  phosphine  oxide  described  in  this  report  is  different  from 
those  prepared  earlier,  being  a  diphosphine  oxide.  The  compound,  tetrc- 
butylhexamethylencdlphoephine  oxide,  wae-a  solid  melting  at  93.5-100°C 
and.  appeared  to  be  thermally  stable.  In  view  of  the  high  melting  point  (and 
also  poor  yield)  no  evaluation  has  been  made  of  this  product. 

By  attaching  a  p- chlorobenzene  to  the  pbonphorue  atom  in  place  of  the 
benzene  group  we  have  prepared  a  number  of  phoephinic  acid  derivatives 
wfaicK  may  be  quite  non-flammable  in  character.  Two  types  of  bis-phosphinates 
have  been  made;  one  in  which  the  two  phosphorus  atoms  are  connected  by  a 
chain  containing  the  P-C  linkage,  while  in  the  other  the  phosphorus  atoms  are 
connected  by  P-O-C  linkages. 

Based  cn  the  information  obtained  heretofore,  the  phosphonic  acid 
derivativea  synthesized  during  the  present  quarter  were  chosen  with  the 
objective  of  improving  the  physical  properties  of  this  class  of  compounds. 
Thus,  we  have  made  a  number  of  Ce  alkane-  and  alkenephosphonates .  This  gives 
us  a  direct  comparison  of  the  influence  of  paraffinic  and  olefinic  groups. 

As  indicated  in  previous  reports,  efforts  have  been  made  to  purify 
all  samples  as  completely  as  possible  and  in  general  the  methods  have  included 
distillation  through  a  molecular  still.  In  order  to  determine  whether 
distillation  was  neoeasary  to  obtain  satisfactory  material,  particularly  for 
larger  scale  evaluation,  we  have  initiated  work  on  the  production  of  a 
uhQBphonate  as  a  bottom -product.  Two  preparative  methods  were  used  and 
preliminary  results  indicate  that  it  is  possible  to  obtain  bis- 1,6- (dibutyl 
phoaphono)hexane  as  a  bottoms -product  comparable  to  the  moleeularly  distilled 
sample. 


Two  phosphonates  containing  carboxylic  acid  eater  groups  were 
synthesized  with  the  possibility  that  these  carboxylste  groups  would  enhance 
the  low  temperature  properties  of  the  materials.  A  myristic  acid  ester  was 
found  to  be  a  oolid  while  an  adipic  acid  ester  had  good  low  temper e^ure 
properties . 
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II.  Phosphine  Oxides 

Previous  ev  luation  data  on  the  phosphine  oxides  have  shown  that 
although  this  class  of  compounds  1b  quite  stable  thermally,  the  materials 
are  not  stable  when  heated  in  the  presence  of  metals  and  oxygen.  In  order 
to  complete  this  study,  one  diphosphine  oxide  was  prepared  for  evaluation. 


A.  Tetrabutylhexamethylenediphosphlne  oxide 
( C4  Hg )  2  "  PO-  ( CH2 )  e  * PO  ( C4  H9 )  a 


This  diphosphine  oxide  vas  obtained  by  the  following  reactions: 
j(C4HB0)2-P0-CHi-CH2-CHa J  f  PCI*  — £  jciaPO-Cfe-CHs-CHa] 


[< 


1 


Cla-PO-CHa-CHa-CHsj  +  C4HeMgBr  - ) 


[(C4H0)2-PO-CHe 

In  the  first  step  of  this  synthesis  bis-1, 6- (dibutyl  phosphono) hexane 
was  converted  to  the  corresponding  tetrachloride  by  treatment  with  phosphorus 
pentachloride?  The  acid  chloride  wae  recovered  as  a  dark,  viscous  liquid  that 
decomposed  when  distillation  vas  attempted,  A  small  sample  of  the  material 
was  hydrolyzed  by  refluxing  with  aqueous  hydrochloric  acid  and  1,6-hexane- 
dlphosphonlc  acid  vas  recovered. 


-CH2-CH2 


1 


The  crude  1,6 -hexane diphosphonlc  tetrachloride  was  reacted  in  the 
usual  manner  with  a  large  excess  of  butylmagnesium  bromide?  On  recovery  the 
phosphine  oxide  was  found  to  be  a  solid  melting  at  98* 5- 100*0  after  recrystal 
llzlng  from  hot-acid  octanes.  The  reaction  of  butylmagnesium  bromide  with 
the  tetrachloride  gave  only  a  poor  yield  of  product  (23. 3  p«r  cent  based  on 
the  charged  chloride)  and  in  view  of  the  fact  that  the  product  was  a  solid,  no 
further  effort  was  made  to  prepare  additional  material  for  bench-scale  evalua¬ 
tion.  Other  properties  of  the  diphosphine  oxide  are  given  in  Table  1. 


III.  Phosphlnic  Acid  Derivative a 

Two  types  of  phosphlnic  acid  derivatives  have  been  synthesized; 
one  of  these  consists  of  compounds  containing  two  phosphorus  atoms  while  the 
other  contains  a  p- chlorobenzene  group  attached  to  a  phosphorus  atom. 

A.  1, 5-Pen tanedlol  di(bis-2-othylhexanephosphinate) 

( CaHi7 )  2PO-0-  (CH2  )5  -MP  (CsHi  7)2 


This  phosphlnic  acid  ester  of  1,5-pentanediol  was  synthesized  by 
treating  the  glycol  with  bis(2-ethylhexane)phosphlnic  chloride.  Those 
compounds  containing  two  phosphorus  atoms,  described  in  earlier  reports,  have 
all  been  Joined  by  alkane  groups,  or  substituted  alkane  groupBT  In  the' 

1  See  II  -  2,  (Technical  Beport  II,  p.2)~ 

2  Described  in  II  -  2. 


Table  1  follows. 
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subject  compound  the  link  Joining  the  phosphorus  atoms  does  not  hare  the 
F-Cx-P  bonding  but  has  a  P-0-Cx-0-P  bond. 

A  texture  of  2 6  g.  (0.25  moles)  pen tame thylene  glycol,  79  g* 
(1.0  moles)  of  pyridine  and  1000  cc.  of  toluene  vas  cooled  to  25 *C 
and  there  vas  slowly  added  with  stirring  160  g.  (0.519  moles)  of 
bls(2-ethylhexane)phosphlnlc  add  chloride  (IV-7).  When  addition 
vas  complete,  the  reaction  mixture  vas  heated  at  I'd °C  for  U  hours 
and  then  filtered  to  remove  the  pyridine  hydrochloride.  After 
evaporation  of  the  remaining  solvent  there  vas  recovered  160  g.  of 
crude  ester.  This  product  vas  distilled  through  a  molecular  still 
and  on  washing  with  dilute  sodium  hydroxide  there  was  recovered  a 
viscous  yellow  oil  with  an  acid  number  of  0.02.  Other  properties 
of  this  ester  are  given  in  Table  1. 

B.  Bls-2.21- (butvl  bentenephoethlnlco ) ethyl  ether 
(C^eOfCeHsJPO-CaH^jjO 

The  sample  of  bis-2,2‘- (butyl  benzenephosphinico)efchyl  ether 
described  In  the  last  Report  (I V-9)  vas  not  a  pure  product,  having  a  very 
high  acid  number.  This  material,  obtained  in  a  poor  yield  (25  per  cent), 
vas  prepared  by  reacting  tributyl  phosphite  with  2, 2 ' -dibrcmoetbyl  ether  at 
atmospheric  pressure.  The  preparation  has  now  been  repeated  and  a  much  better 
product  obtained.  The  method  ueed  vas  that  described  In  the  last  report,  with 
one  exception,  and  consisted  In  reacting  dlbutyl  benzenephosphonlte  with 
2,2'-dlbrcmoethyl  ether  at  reduced  pressure.  (Thin  method  of  carrying  out 
the  Arbuzov  reaction  at  reduced  pressure  is  described  in  detail  later  in  this 
report.)  The  product  vas  recovered  In  an  8b. 5  per  cent  conversion  based  on 
the  charged  dlbrcmoethyl  ether.  The  properties  of  this  preparation  are 
given  In  Table  1. 

C.  Butvl  p-chlorobentene (butane )phoeualnate 
C*HeOPO(C4He)C9H4Cl 

0.  Bls-2,2'-(butyl  p-chlorobenzenenhosphlnlco)ethyl  ether 
jt+HeOiClCsHjPO-CaH^^ 

Two  phoephlnlc  acid  derivatives  have  been  synthesized  vhere  one  of 
the  groups  attached  to  the  phoephorue  atom  vae  p-chlorc phenyl .  A  comparison 
of  the  properties  of  these  two  compounds  with  those  containing  the  phenyl 
group  should  enable  us  to  learn  vhether  an  arcmatlc  chlorine  atom  is  benefi¬ 
cial  toward  lowering  tbs  flsasaablllty  of  these  liquids.  The  compounds  were 
all  made  by  reacting  dibutyl  p-chlorcbsiuenephosphoni te3 . 

During  the  preparation  of  these  com  pounds  It  has  been  found  that 
the  Arbuzov  rearrangement  could  be  carried  out  very  conveniently  at  reduced 
pressure  when  the  reacting  halide  vas  higher  boiling  than  the  liberated 


a)  See  7  -  15  of  this  report  for  a  description  of  the  preparation  and 
properties  of  this  compound. 
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halide.  This  is  illustrated  in  the  following  experiment: 

Into  a  flask  attached  to  a  short  fractionating  column  was 
charged  254  g.  (0.88  moles)  of  dibutyl  p-chlorobenzenephosphonite. 
The  kettle  was  heated  to  155- 1^5 *C  at  20  mm.  pressure  ai.d  there 
was  slowly  added  85  g.  (0.35  moles)  of  2,2,-dibromoethyl  ether, 
(b.p.  103-107*0  at  20  bb.).  The  butyl  bromide  liberated  during 
the  reaction  was  distilled  overhead.  When  no  further  butyl 
bromide  (b.p.  101*C)  was  formed  the  material  was  fractionated  in 
a  molecular  still.  There  was  recovered  154  g.  X0*'v  moles)  of 
product  boiling  at  l60*C  at  0.007  am.  pressure.  This  represented 
an  82.2  per  cent  conversion  based  on  the  charged  dibrcntoether  The 
distillate  was  a  colorless  viscous  oil.  After  several  vashlngs 
with  50  cc.  of  IN  sodium  hydroxide,  the.  acid  number  was  found  to 
be  0.014. 

Similar  experiments  carried  out  earlier  with  refluxing  at  atmos¬ 
pheric  pressure  have  given  yields  of  product  in  the  neighborhood  of  5®  per 
cent  of  dark  and  quite  acid  products.  Also,  large  amounts  of  high  boiling 
material  were  farmed,  while  in  the  experiment  just  described  substantially 
no  bottoms  were  found. 


The  polymerization  of  allyl  benzene phosphinate,  by  means  of  the 
addition  of  the  H-P  bond  to  the  double  bond,  could  lead  to  a  linear  polymeric 
suestituted-propone  (benzene  )phoephlnate . 

- -J-O-CBaafeCHa-f -0-CfeCHaC%— 

6a%  Cafe 

A  compound  of  this  type,  a  dl substituted  phospbinlc  acid,  should  be  stable 
and  also  should  have  the  desirable  properties  shown  by  compounds  with  a  high 
ratio  of  phosphorus  to  carbon. 

The  polymerisation  could,  by  reaction  of  the  allyl  groups  alone, 
give  a  phosphlnate  ester  of  polyallyl  alcohol.  However,  a  mono- substituted 
phosphine te  is  quite  unstable  (IV-33,  2-ethylhexyl  benzenepboaphinate ) . 

Allyl  benxenephosphinate  was  prepared  by  adding  a  mixture  of 
two  moles  of  allyl  alcohol  and  1  mole  of  pyridine  to  an  ether 
solution  of  benxenephosphonous  dl chloride.  The  product  was  isolated, 
after  filtering  off  the  precipitated  pyridine  hydrochloride,  by 
distillation  at  reduced  pressure.  Held  20£  of  theoretical. 

The  polymer  lzatl  cm  of  allyl  benzene  phosphlnate  took  place 
readily  when  a  saeple  was  heated  at  12C*C  In  the  presence  of  l^v 
of  dl -tert- butyl  peroxide.  The  product  was  an  extremely  viscous 
but  clear  and  colorless  material,  with  low  solubility  in  solvents 
Including  tributyl  phosphate .  Polymer isstl on  of  another  sample 
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of  allyl  benzenephosphinate  with  1-butene  gave  a  product  which  vas 
quite  similar  to  that  just  described  and  it  is  probable  that  the 
buiene  did  not  react  to  any  significant  extent.  Also,  exposure  of 
the  polymerized  material  to  air  for  a  few  days  gave  a  few  small 
crystals  at  the  edge  of  the  material  and  an  odor  similar  to  benzene - 
phosphinlc  acid.  The  material  was  not  further  evaluated  due  to 
its  Li viscosity  and  low  solubility. 

17.  Phosphonlc  Acid  Derivatives 

A  number  of  different  types  of  phosphonlc  acid  derivatives  were 
synthesised  during  the  current  quarter  in  order  to  further  study  the  Influence 
of  various  substitutents  on  the  property  As  of  this  class  of  organophosphorus 
compounds.  This  effort  has  Included  substituting  various  hydrocarbon  groups, 
carboxylic  acid  ester  groups  and  sulfur-containing  groups  into  the  phospho- 
nates. 

Previous  study  has  shown  the  bi s - 1,6- (di butyl  phosphono) hexane 
to  be  exceedingly  stable.  Additional  work  has  now  been  carried  out  to 
determine  whether  this  compound  could  be  prepared  aa  a  bottoms -product  (not 
distilled)  to  eliminate  the  need  far  molecular  distillation. 

During  the  course  of  most  of  the  preparations  it  has  been  necessary 
to  treat  them  with  sodium  hydroxide  in  order  to  lover  the  acid  number.  In 
general,  this  has  been  done  by  mixing  in  &  separatory  funnel.  It  has  been 
found  that  dibutyl  butanephosphonate  could  be  reflhxed  for  at  least  two  hours 
with  aqueous  4  per  cent  sodium  hydroxide  without  undergoing  appreciable 
hydrolysis4,  mils  technique  proved  to  be  a  convenient  method  of  treating 
the  coa^tounds  in  order  to  obtain  low  acid  numbers. 

The  phosphonlc  acid  derivatives  in  Table  I  vere  all  made  by  one  of 
the  three  general  methods  described  in  earlier  reports: 

a)  the  reaction  of  an  alkane phosphonlc  dichloride  with  an 
alcohol, 

b)  the  Arbuzov  reaction  between  a  trialkyl  phosphite  and  an 
organic  halide,  and 

c)  the  reaction  of  sodium  dialkyl  phosphite  with  an  organic  halide. 

A.  Dibutyl  "lsooctene"phosphonate.  (C*HeO)aPOGsBi5 

B.  Dibutyl  ''  ltooc  tape  "phosphorate .  (C4H»0)aF0CeH17 

C.  Dibutyl  2-ethylhexanepbosphonate.  (C^HeO^POCaHi-y 

D.  Dlbutjl  n-octaaephospbonate.  (C^BeOjjPOC^HiT 

Thia  la  a  series  of  pfcoapbonatea  containing  a  C®  hydrocarbon  group. 
In  each  case  the  di-n- butyl  eater  was  made. 


4  So  vetting  or  solubilizing  agents,  e.g.  '•''hoi,  were  used  during  this 
hydrolysis  test.  The  experiment  Is  described  under  the  preparation  of 
bis-l, 6- (dibutyl  phosphono) hexane. 
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Dibutyl  "i/jooctene"pho8phonate  vas  obtained  by  treating  "isooctene"- 
phos phonic  dichloride9  vlth  an  excess  of  butyl  alcohol  in  the  presence  of 
pyridine.  The  product  vas  a  ligjjt  yellov  liquid  and  after  distilling  from  a 
Clalsen  flask  (in  the  presence  of  sodium  hydroxide)  t  had  an  acid  number 
of  0.036. 


A  sample  of  this  compound  vas  hydrogenated  at  1600  pslg.  pressure 
using  Raney  nickel  as  the  catalyst.  At  100 *C  this  vas  found  to  take  place 
easily®.  The  recovered,  saturated  esu.-’,  vas  a  vater-vhite  liquid  vith  an 
acid  number  of  zero. 

Di butyl  2-ethylhexanephosphonate  and  dibutyl  n-octanephosphonate 
respectively  vere  obtained  by  treating  2-ethylhexyl  bromide  and  n- octyl 
bromide  vlth  an  excess  of  sodium  dibutyl  phosphite  in  n- heptane  solution. 

The  products  vere  Isolated  as  vater-vhite  liquids  by  vashing  vith  vater  to 
remove  the  by-product  sodium  bromide  and  distilling  the  organic  phase  (in 
presence  of  sodium  hydroxide)  at  reduced  pressure. 

The  properties  of  there  compounds  are  given  in  Table  1. 

E.  Bls(3.5,5-trlaethylhexyl)  lllsooctene"phoaphonate. 

(CaHieOjaPOCeHis 

Previous  vork  in  this  Laboratory  has  shovn  that  certain 
carboxylic  acid  esters  of  3,5,5- trimethylhexanol  are  mare  oxidation  stable 
and  less  corrosive  than  the  corresponding  2-ethylhexanol  esters.  Bis(3,5>5- 
trimethy lhexyl )  "iaooctene"phosphorate  has  been  synthesized  and  evaluation 
results  by  the  Lubricants  and  Fuels  Department  have  shovn  this  phosphorate 
to  have  many  properties  that  are  superior  to. those  of  the  bis (2-ethylhexyl) 
ester.  (See  the  follovi^  section  of  this  report).  The  dinonyl  ester  vas 
prepared  by  reacting  "isooctene’phoe phonic  dichloride  vith  the  alcohol  in 
the  presence  of  pyridine7.  Its  properties  are  described  in  Table  i. 

T .  Dibutyl  Butoxyethoxyethanephosphorate . 

(CtHoO)a  PO-CzHiOCaH^H* 

Dibutyl  butoxyethoxyethanephosphorate  vas  prepared  by  heating  4 
moles  of  butoxyethoxyethylchlorlde  and  5  mole*  of  tributyl  phosphite  to 
approximately  210*C.  The  butyl  chloride  formed  by  the  reaction  vas  slovly 
distilled  vith  the  boiling  range  87  to  120*C.  The  residue  vas  distilled  at 
reduced  pressure  from  sodium  carbonate  vith  a  yield  of  of  theory.  This 
product  vas  tvice  distilled  from  sodium  carbonate  to  reduce  the  acid  number; 
b.p.  lkh-6*/0.5  mm.;  n^°  1.4400.  Its  properties  are  described  in  Table  I. 


3  Obtained  frca  the  Victor  Cbem.  Works.  "Isooctene"  is  2,4,4-triaethylpentene. 
«  17-10 

t  See  I?  -  13  for  details  of  a  similar  preparation. 
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0.  Blg(7-a«thyl»4-thlaoctyl)  "lBOoctene'‘phoBPhonate. 
(CgHn 'S-Ca* *  CHa'CHa'Oja-PO-CeHis 


Another  sulfur  containing  phospbonate  has  been  prepared  so  that  ve 
b*7  gain  additional  inf  or  nation  regarding  this  class  of  coopounda .  The  last 
report  (IV -12)  described  the  preparation  and  properties  of  bis(7-methyl-4- 
thlaoctyl)  benxenephosphonate  vhich  appeared  quite  interesting,  and  so  ve 
have  nov  synthesised  M*(7-msthyl-4-thiaoctyl)  "isooctene" phospbonate  for 
evaluation.  In  addition  to  gaining  further  information  on  the  sulfur-contain¬ 
ing  phosphorates,  ve  will  be  able  to  compare  the  Influence  of  "isooctene"  and 
benzene  groups.  The  method  of  synthesis  vas  that  described  in  IV- 12.  Its 
properties  are  described  in  Table  1. 

H.  Bla-2,21- (dlbutyl  phoephono) ethyl  ether. 

(jCUHcO  )2  •  P0  -  CBa  •  CHa  -J  20 

By  reacting  tributyl  phosphite  vith  bis(2-broooethyl)ether  ve  were 
able  to  prepare  bie-2,2'-(dibutyl  phos phono) ethyl  ether.  In  view  of  the  fact 
that  this  compound  contains  tm  phosphorus  atoms  its  properties  vlll  be 
compared  vith  those  of  bis-l,4-(dibutyl  phoephono) butane  and  bis-l, 6- 
( dibutyl  phoephono) hexane. 

The  Arbuzov  reaction  betveen  tributyl  phosphite  and  bis(2-brooo- 
ethyl) ether  vas  carried  out  at  reduced  pressure  (see  description  earlier)  and 
the  product  vas  recovered  in  an  89.5  P«r  cent  conversion.  Its  properties 
are  described  in  Table  1. 

I.  Bls-l,4.(dibutyl  phos  phono )  butane .  (jCiHoO)2PO-CH2 -C^  -]2 

Since  the  sample  of  bis-1, 4- (dibutyl  phoephono) butane  described  in 
IV  -  Table  3  appeared  to  have  anomalous  properties,  the  preparation  of  another 
sample  of  this  material  vas  undertaken  in  order  to  Insure  the  identity  of  the 
compound.  This  sample  vas  prepared  by  reacting  an  excess  of  sodium  dibutyl 
phosphite  vith  1,4-dlbrttnobutaae  in  n-heptane  solution.  The  product  vas 
isolated  in  42^  yield  by  washing  vith  vater,  removing  the  solvent  (in  presence 
of  sodium  hydroxide)  at  reduced  pressure,  and  distilling  through  a  molecular 
still.  Properties  are  listed  in  Table  1. 

J-  Bi«  -^5-  £<**^*71  pfeosghgoo)  pentane .  f  C^HaOaPO-CBa-CHa^zCfia 

This  cca^>ound  vms  prepared  in  order  to  aid  in  the  comparison  of  the 
properties  of  the  next  lover  derivative,  nia-1,4- {dibutyl  pbospbono) butane, 
and  the  next  higher  derivative,  bls-1,6- (dlbutyl  phoephono) hexane.  Bis-l, 5- 
(41  butyl  phoephono) pentane  was  synthesised  by  treating  1,5-dibramopectane 
with  as  excess  of  sodium  dibutyl  phosphite  and  then  distilling  the  product 
through  a  molecular  still.  Properties  are  ahovn  in  Table  1. 

K.  Bis -1.6- (dlbutyl  phos  phono)  hexane.  ({C^HeOJsPO'CHs -CEfe -CE2  0  s 

In  vlev  of  the  prossising  properties  shown  by  the  sample  of  bis-l, 6- 
( dlbutyl  phoephono) hexane  described  in  IV- 12,  it  was  suggested  that  this 
material  be  investigated  further.  The  original  sample  vas  synthesized  by 
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treating  sodium  dibutyl  phosphite  with  1,6-dibrooohex'ine ,  followed  by 
distillation  through  a  molecular  still.  Additional  work  has  consisted  in 
preparing  this  bls-phosphonate  by  tvo  methods: 

a)  The  reaction  of  sodium  di'tutyl  phosphite  vith  1,6-dibrcoo- 
hex&ne,  and, 

b)  the  Arbuzov  reaction  betveen  tributyl  phosphite  and  1,6- 
dibrooohexane . 

The  ester  from  each  of  the  tvo  experiments  vas  recovered  as  a  bottoms- 
product  (not  distilled). 

In  the  first  experiment  (using  sodium  dibutyl  phosphite),  there 
vas  obtained  a  62.1)1  conversion  to  bottoms -product.  This  material  vas  quite 
acid,  acid  number  1.36,  but  on  treatment  vith  aqueous  sodium  hydroxide 
the  value  vas  iovered  to  0.10. 

The  second  run  using  tributyl  phosphite  and  1,6-dlbromohexane 
gave  an  almost  quantitative  conversion  to  bot toms -product.  The  experiment 
vas  performed  by  heating  the  tributyl  phosphite  to  150-l60*C  at  kO  nm. 
pressure,  then  slovly  aoding  the  1,6-dlbromohexane.  At  the  same  time  the 
butyl  bromide  vhlch  formed  vas  condensed  in  a  cold  trap.  The  bottoms - 
product,  stabilized  at  170*C  and  0.1  as.,  vas  recovered  in  a  95^  conversion. 

A  portion  of  this  material  vas  fractionated  in  a  molecular  still  vith  the 
following  results: 

1.1k  per  cent  light-ends 
90.0  per  cent  product 
8.06  per  cent  heavy-ends 

The  bottoms -product  after  stabilization  at  170*0  and  0.1  am.  had  an  acid 
number  of  0.3k5.  This  number  vas  decreased  by  refluxing  the  ester  vith 
2N  sodium  hydroxide  for  2  hours.  Titration  of  the  sodium  hydroxide  indicated 
that  no  further  alkali  vas  consumed  after  one  hour  of  refluxing.  This 
treated  ester  had  an  acid  number  0.02  and  a  Gardner  Color  of  2  (very  light 
yellow).  Physical  properties  of  both  compounds  are  given  in  Table  I. 

L.  Bis -l.k -(dibutyl  phosphonomethyl)benzene 
I  C4HoC)*PO  •  CHa-CeHa  •  CB»P0(  OGiHo'J* 

With  the  possibility  that  the  presence  of  a  benzene  ring  in  the 
chain  connecting  tvo  pbosphonate  groups  might  give  a  very  stable  compound, 
fcif.-l,4-*(dibutyl  phosphonoacthyl)  benzcn^  h..s  K\ r.  ayr.th^u?  ce  i.  The  pr^v-i-t 
obtained  by  the  reaction  of  sodium  dibutyl  phosphite  vith  bis-l,k-chloro- 
methylbenxene,  vas  found  to  be  a  white  crystalline  solid  melting  at  k5-50’*C. 
Its  physical  properties  are  given  in  Table  I.  Analysis  of  this  Ms-phoapfco- 
nate  indicated  that  it  contained  about  l.J  per  cent  chlorine.  In  view  of  the 
fact  that  the  sample  vas  small,  no  vork  has  been  done  to  remove  this  impurity. 
Further,  because  of  the  physical  properties,  additional  vork  docs  net  appear 
Justified. 


-11- 


Report  Ro.  S- 15239 


M.  2-(Dlbutyl  phosphono) ethyl  myriatate 

(G4HsO)aPO*CH2’GEfct  'O'CO'CigBsr 

*•  Blak-fdlhirtvl  nhoaPhonolethyD  adipate _ 

{(C^B^OjaPO-CBa  *C%  ■0*C0*CH2*CBa32 

It  is  veil  known  that  certain  carboxylic  acid  esters  have  very 
favorable  properties  vben  Inhibited  and  used  a a  a  hydraulic  fluid  or 
lubricating  oil.  With  the  possibility  that  such  an  ester  group  vould 
contribute  improved  properties  to  a  phoaphonate,  ve  have  synthesized  two 
such  compound*.  One  of  these  vas  an  ester  of  myristic  acid,  the  other  an 
adipic  acid  ester.  The  method  used  is  as  follovs: 

2-Bromoethyl  ssyrl state  vas  prepared  by  refluxing  a  mixture  of 
494  g.  (3-95  moles)  of  ethylene  brooohydrin,  798  g.  (3*50  moles) 
of  myristlc  acid  and  600  cc.  of  toluene  in  the  presence  of  10  g. 
p-tolueneeulfonic  acid.  When  no  further  vater  separated,  the 
reaction  mixture  vas  washed  and  after  stabilization  vas  distilled 
through  a  Claisen  flask.  There  vas  recovered  1130  g.  (3.14  moles) 
of  ester  boiling  at  l63*C  at  0.3  ■#.  On  standing,  the  distillate 
solidified  to  a  vax-llke  material  melting  at  about  50*C. 

Report  Ho.  IV  (page  12)  describes  the  reaction  of  th  ester 
with  sodium  dlbutyl  phosphite  where  the  product  isolated  vas  not 
the  expected  aonopheephonate  but  vas  bis- 1, 2- (di butyl  phosphono)- 
e thane. 


The  present  successful  experiment  vas  performed  by  heating  the 
bromo ester  vith  tributyl  phosphite.  Into  a  kettle  attached  to  a 
short  column  vas  placed  335  g.  (1.0  moles)  2-brcooethyl  myri state 
and  350  g.  (1.4  rnoleo)  of  tributyl  phosphite.  On  heating  to  about 
l63*-175*C  the  reaction  set  in  and  there  vas  slowly  evolved  butyl 
bromide  which  vas  removed  as  it  formed.  When  no  further  reaction 
took  place,  the  unchanged  starting  materials  were  removed  and  the 
residue  vas  distilled  through  a  falling-film  molecular  still.  There 
was  recovered  291  8-  (O.635  moles)  of  product  whose  properties  are 
given  in  Table  I. 

The  adipate  ester  vas  prepared  in  a  similar  manner  and  its 
properties  are  also  given  in  Table  I. 


V.  Miscellaneous  Preparations 

A.  Polymeric  methyl  allyl  phosphite  1CH3-0-^-0CR2-CE*C,Re 


The  polymerization  of  methyl  allyl  phosphite  could  possibly  take 
place  in  two  manners,  namely,  the  one  vbere  the  H-P  bond  reacts  with  the 
allyl  group  to  give  a  polymeric  substituted-prcpanephospfconate 

9  2 

- P - OCHjCBg CEa * r • OCHe CH^CBa * 

6  6 
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and  the  other  where  a  homopolymeri nation  of  the  allyl  group  takes  place  to 
give  a  phosphite  ester  of  polyallyl  alcohol. 

Methyl  allyl  ?hoaphite  was  prepared  by  adding  a  mixture  of 
one  mcle  of  allyl  alcohol  and  one  mole  of  pyridine  to  an  ether 
solution  of  one  mole  of  phoaphorue  trichloride  at  0*C  and  then 
after  that  addition  ws a  completed,  a  mixture  of  two  moles  of  methyl 
alcohol  and  one  mole  of  pyridine  were  added.  The  expected  reaction 
may  be  represented  aa  follows: 

CHa-CH-CHa-OH  2CH3OH 

&  4  n 

PCI3  p7rlAlng  >  ClaP-O-CHB-CH-CHa  pyri.~^  8s30P-0CH2CB’^Es 

5 

The  product  was  isolated  by  distillation  at  reduced  pressure  after 
the  pyridine  hydrochloride  had  been  removed  by  filtration.  Only  a 
small  fraction  vaa  obtained  which  had  the  equivalent  weight  corres¬ 
ponding  to  the  expected  ester;  the  other  fractions  were  probably 
contaminated  with  dimethyl  phosphite. 

Polymerisation  of  the  small  yield  of  pure  methyl  allyl 
phosphite  for  l6  hours  at  120*  with  l£v  of  di-tert-butyl  peroxide 
as  the  catalyst  gave  a  clear  slightly  resilient  solid  which  upon 
exposure  air  for  a  few  days  liquified.  When  the  fractions 
containing  laethyl  phosphite  contaminant  were  treated  in  a  like 
manner,  viscous  liquid  products  were  obtained.  These  were  appar¬ 
ently  insoluble  in  hydrocarbon  solvents  but  miscible  with  water 
and  after  exposure  tc  air  for  a  few  days  they  became  more  fluid. 
Copolymerization  with  1-butene  did  not  change  the  properties  of  the 
product  to  a  marked  degree.  No  further  work  was  contemplated 
because  of  the  instability  of  the  products. 

B.  Phosphonoua  Acid  Derivatives. 

In  order  to  prepare  certain  of  the  phosphinates  described  above, 
it  *  been  necessary  to  make  p-chlorobensenephosphonous  dicnlaride  and 
dibutyl  p-chlorobenxexiephosphcmite.  This  letter  compound  reacted  readily 
with  butyl  bromide  to  fora  the  phos phi nates . 

1.  p-Chlorobenzenephosphonoua  dl chloride  Cl 'QjH* 'PCI2 

-Hus  compound  was  prepared  by  reacting  chlorobenzene  with 
phosphorus  trichloride  in  the  presence  of  aluminum  chloride.  The  product 
vaa  recovered  by  cooplexing  the  aluminum  chloride  catalyst  vith  phosphorus 
oxychloride  and  separating®. 

A  mixture  of  1126  g.  (10  moles)  of  p-chlorobenxene,  1)7'-*  8- 
(10  moles)  of  phosphorus  trichloride  and  159  8-  (1-0^  moles)  of 
aluminum  chloride  was  refluxed  for  11. 5  hours.  After  the  mixture 

s  This  method  was  described  by  W.  T~Ljt,  Jr.,  in  H.  R.  L.  Report  P-50h4, 
Dec.  19^6- 
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was  allowed  to  stand  at  room  temperature  until  cool  there  was 
added  l60  g.  of  phosphorus  oxychloride.  Then  the  ci«ar  solution  war 
diluted  with  petroleum  ether  until  no  more  precipitate  formed. 

The  supernatant  liquid  was  separated  and  the  partially  crystalline 
residue  was  extracted  a  number  of  times  with  petroleum  ether.  The 
petroleum  ether  was  flash-distilled  and  the  residue  fractionated. 
There  was  recowered  259  g.  of  benzenephosphonous  dichloride  boiling 
at  73-80 °C  at  1  naa.  This  represents  a  conversion  of  12.2  per  cent. 

2.  Dibutyl  p-chlorobenzeneghogphenite  Cl-CeH^-PfOC^BeJa 

On  treatment  of  p-ehlorobenzenephosphonoue  dichloride  with 
an  excess  of  n  uutyl  alcohol  in  the  presence  of  pyridine,  dibutyl  p-chloro¬ 
benzenephosphonite  was  formed,  a  clear  liquid  boiling  at  122*0  at  0.1  mm. 

Its  physical  constants  are  given  in  Table  1. 

3-  Dlbutyl  benzenephosphonite  »  Cuprous  chloride  complex. 

4.  Dibutyl  p-chlorobenzenephosphonite  •  Cuprous  chloride 
complex. 

It  is  well  known  that  tributyl  phosphite  will  form  complexes 
with  certain  metal  salts,  e.g.,  cuprous  halides  and  silver  halides.®  Samples 
of  dibutyl  benzenephosphonite  and  dibutyl  p-chlorobenzenephosphonite  were 
treated  with  cuprous  chloride  and  they  were  found  to  undergo  an  exothermic 
reaction  to  form  complexes .  After  filtration  of  the  reaction  mixture  the 
complex  vaa  recovered  as  a  clear  oily  liquid  which  appeared  to  be  quite 
stable  on  standing  (no  copper  salts  separated  nor  did  green  color  develop) . 

No  further  work  is  planned  on  then  at  this  time.  Properties  of  the  complexes 
along  with  certain  analyses  are  given  in  Table  1. 

C.  Phosphoric  Acid  Derivatives 

The  phospbonlc  acid  derivatives  used  for  comparison  purposes  in 
the  prior  reports  have  been  commercially  available  materials.  For  further 
comparisons  w«  have  synthesized  a  bis-phosphate  and  a  phosphoric  amide. 

1.  l|f?-Pentanedlol  di(bis-2-ethylhexyl  phosphate). 
[(CeHi70)2-P00-Cfla  *CH2-^2CH£  *""" 

This  bia-phosphate  was  obtained  by  treating  1,5-pentenediol 
with  bis(2-ethylnexyl)  chlorophosphate10  in  the  presence  of  pyridine.  The 
ester  was  recovered  by  distilling  through  a  molecular  still  and  was  found  to 
be  a  clear  oily  liquid.  Other  properties  are  shown  in  Table  1. 

Prior  to  the  experiment  described  above,  an  attempt  was  made  to 
obtein  this  compound  by  reacting  1,5-pentanediol  with  P0C13  then  treating 
this  mixture  with  butyl  alcohol  and  pyridine.11  No  diphosphate  was  recovered 

9  See  Fox  A  Lockhart,  The  Chemistry  of  Organo-Phosphcrue  Compounds, 

N.R.L.  Report  C-3323,  Jhly  d,  1948. 

10  Secured  from  Victor  Chem.  Works. 

11  ibis  method  of  preparing  mixed  phosphates  is  described  by  Oliver, 

Wiederhom  and  Mesrobian,  Ind.  Eng.  Chem.  42,  488(1950) . 
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upon  distillation  of  the  reaction  product. 

2.  Bis(g-etfaylhegyl)  B.ff-dliaopropylphosphorlc  amide. 

(CeHa.  70)22*08(0387)2 

This  eater-amide  was  Bade  in  order  to  compare  ite  properties 
with  those  of  the  phosphonic  and  phosphinic  amides  evaluated  earlier. 

The  compound  was  prepared  as  follows: 

To  a  solution  of  689  g.  (5.3  moles)  of  2-ethylhexanol  in 
50C  cc,  of  toluene  was  added  7^  g.  (3*2  moles)  of  sodium.  When 
all  the  sodium  had  reacted  there  waa  slorwl/  added  335  g.  (1-53 
moles  of  diisopropylamidophoaphoric  dichloiide  (see  II  -  3 
for  preparation  of  this  compound)  at  a  temperature  of  110-120 °C. 

The  reaction  was  stirred  at  120®C  for  19  hours. 

After  the  mixture  had  cooled  to  roore  temperature,  water  was 
added  to  di  'olve  the  separated  sodium  chloride.  The  water  phase 
was  separate,  and  the  toluene  solution  dr:.ed  and  stabilized  to 
remove  the  toluene,  The  amide  product  was  distilled  through  a 
Claisen  flask  with  the  product  boiling  at  165-166°  at  1,5  mm. 

There  was  recovered  b39  8*  of  material  which  represented  a  70.? 
per  cent  conversion  based  on  the  charged  diisopropylamidophoephoric 
dichloride.  The  material  is  described  in  Table  1. 


■HI-  - 
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BENCH  SCALE  EVALUATIONS 

I.  Introduction  and  Sumnary 

This  section  suanarizes  the  results  of  laboratory  evaluations  of 
the  nev  organo-phosphorus  compounds  prepared  since  those  listed  in  Technical 
Beport  No.  17.  The  nev  compounds  include  nine  monophosphonates,  ten  bis- 
phosphonatea ,  two  bisphosphinates,  a  biophosphate  and  a  phosphoric  amide.  One 
of  the  bisphosphonatee  was  prepared  by  several  different  methods  and  finishing 
treatments  and  altogether  five  samples  of  this  compound  have  nov  been  evalua¬ 
ted,  of  which  four  are  included  in  this  report. 

In  the  section  on  Correlations  the  data  are  summarized  for  all  the 
dibutyl  "B"phospbor»tes  (CsHsO^PO®,  including  those  reported  previously  and 
covering  the  range  where  "B"  varies  from  C3  to  Cicffe.  Similar  summaries  are 
made  "or  the  di-"B"  isooctenephosphonates  with  four  different  B  groups,  bis- 
( dibutyl  phoapfcono)  compounds,  where  the  phosphorus  atoms  are  separated  by 
groups  ranging  from  Cg  to  C10O4.  Several  bisphosphinateB  and  one  biaphosphate 
are  also  included. 

Additive  studies  on  a  limited  number  of  organo-phosphorus  compounds 
have  included  the  effects  of  several  oxidation-corrosion  inhibitors  as  well 
aa  miscibilities  with  aliyl  methacrylate  or  styrene  polymers.  Promising 
leads  were  obtained  in  both  phases. 

II.  Evaluation 


A.  Summaries  of  Specific  Properties 

The  properties  of  the  compounds,  examined  since  the  previous  report, 
are  summarized  in  Table  2.  The  data  will  be  discussed  in  terms  of  the 
specific  properties. 

1.  Acidities 

All  of  the  acid  neutralization  numbers  (mg  KOH/g)  of  the 
compounds  as  secured  for  test  were  less  than  0.1  except  for  the  Victor 
Chemical  dibutyl  benzenephosphonate,  the  two  carboxylate  esters  (myristate 
and  adipate)  and  an  overnead  fraction  from  a  molecular  distillation  of  one 
of  the  topped  preparations  of  bis-l,6-(dibutyl  phosphono) hexane.  While  the 
latter  had  an  acidity  of  only  0.26,  it  was  very  corrosive;  caustic  treatment 
dropped  this  corrosion  to  a  low  value.  It  will  be  recalled  that  the  distilled 
high-purity  product,  previously  reported  in  Technical  Beport  No.  IV,  was  only 
mildly  corrosive.  Moderate  acidity  in  a  compound  does  not  always  result  in 
high  corrosivity.  For  example,  the  coaaercial  dibutyl  benzenephosphonate, 
on  the  other  hand,  had  an  acidity  of  0.44  yet  was  only  moderately  corrosive. 

The  myristate  was  much  less  corrosive  than  the  adipate  ester, 
although  the  original  acidities  of  both  products  were  the  same. 
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2.  Four  Points 

The  only  compounds  In  the  table  which  did  not  have  excellent 
pour  pointa,  below  -65*? .  were  the  myri state  eater  discussed  above.  bis-l,1*- 
( dibutyl  phosphonomethyljbenxene,  bis-2,2'-(butyl  benzenephoephlnlco) ethyl 
ether  and  1,5  pentane diol  di(bla-2-ethylhex«nephoaphinate) .  However,  the 
latter  had  a  very  low  pour  point  ( -60°?)  for  the  high  viscosity  of  this 
confound. 


5.  Viscosltiea 

Straight  lines  on  the  ASTM  viscosity- temperature  chart  (low 
temperature  range)  appear  to  give  reasonably  good  approximations  for  the 
change  of  viscosity  over  the  temperature  range,  -40*  and  210*?  for  most  of 
the  or gano -phoephoru •  cospounds  studied.  The  small  deviations  vhlch  were 
obtained  were  less  than  those  shown  by  many  other  synthetic  oil  types. 

Viscosities  were  run  at  100*?  and  210*?  on  all  the  compounds  in 
Table  2  for  the  purposes  of  determining  VI  and  slope.  On  most  of  the  com¬ 
pounds  with  low  pour  points,  viscosity  at  -hO*?  was  also  determined.  In  a 
few  selected  cases,  viscosity  at  -60*?  was  also  obtained  to  ascertain  whether 
indications  of  deviations  from  a  straight  line  on  the  ASTM  chart  were  con¬ 
firmed. 


Most  of  the  determined  viscosities  at  -4o*?  fell  slightly  below 
the  values  obtained  by  extrapolation  from  100*?  and  210"?.  Exceptions  were 
the  bls(3,5,5-trlmethylhexyl)  ”l800Ctene"phosphon&te  and  Victor  Chemical's 
dibutyl  bentenephosphonate  in  vhlch  eases  viscosities  were  70  and  20  per  cent, 
respectively,  higher  than  the  extrapolated  values.  The  six  experimentally 
determined  viscosities  at  -60*I  were  very  close  to  the  values  predicted  by 
extrapolation  from  -40*V  and  100*?.  ?our  samples  gave  values  5  to  10  per 
cent  below  the  predicted  values,  while  two  were  10  to  15  per  cent  above  the 
predicted  values  at  -60°?.  In  one  case,  bis-1, 4- (dibutyl  phosphoric ) butane , 
the  sample  solidified  in  the  viscometer  at  -60*?  even  though  the  pour  point 
was  below  -65*?. 

The  viscosities  for  the  six  compounds  which  were  run  at  four 
temperatures  are  plotted  on  an  ASTM  chart  in  ?lgure  1.  The  phosphoric  amide 
and  the  thlaoctyl  phosphorate  gave  points  vhlch  follow  straight  lines  while 
the  ethyl  ether  blsphosphono  compounds  show  one  point  not  on  a  straight  line. 
The  other  three  samples  show  a  slight  increase  in  slope  with  increasing 
temperature  above  100*?,  i.t  ,  210*?  viscosities  aie  lower  than  predicted 
from  viscosities  at  100*?  and  lower. 

The  viscosity  levels  of  most  of  the  bis-phosphinates  and  bio- 
phosphate  were  of  the  order  of  SAS  20.  The  higher  molecular  weight  "iao- 
octeneHphosphonates  and  the  myri state  ester  vere  in  the  hydraulic  fluid 
viscosity  range  (15-20  c».  at  100*?). 


figure  1  follows. 


re  1.  VISCOSITY  TEMPERATURE  RELATIONSHIPS  OF 
SEVERAL  ORG  A  NO -PHOSPHORUS  COMPOUNDS 
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4.  Vlacoalty  Ratio  and  Index 

The  viscosity  ratio  and.  viscosity  Inc  ex  by  both  Dean  and 
Darla  (ASTM)  and  the  Hard  1  in  and  Mlaaan  systems  are  given  in  Table  2. 

The  rlacoaity  ratio  vlll  be  referred  to  later  In  connection  vlth  polymer 
(Acrylold)  blanda.  Hard  lean  and  Mlaaan  71  and  Dean  and  Darla  71  are  very 
nearly  equal  far  the  act ra  rlacoua  preparations  but,  in  the  lav  rlacoaity 
products,  such  as  the  dibutyl  Cg-phosphonate  series,  the  H  and  M  71  gives 
each  th*  higher  value.  The  B  and  I  71  and  rlacoaity  ratio  would  rate  this 
series  of  compounds  in  the  seas  order.  Tbs  2-ethy3heimncphosphonatc  has  the 
highest  71  and  lowest  ratio  and  the  <,lsooctene',phocphonate  la  at  the  other 
end  of  the  scale.  The  latter  rates  seen  poor*'  than  the  bensenephoephonate . 

In  the  higher  level  of  rlscoslty,  t^e  bia(7-*ethyl-4-thlaoctyl) 
Hisooctenenpbosphonate  had  a  71  rary  nearly  equal  to  the  corresponding 
bis ( 7-methyl- fc-thiaoctyl)  benzenephoephonate  reported  previously.  Thus 
there  la  little  choice  between  lsooctene  or  benzene  in  a  phosphorate  from  the 
71  standpoint.  This  finding  was  further  confirmed  by  the  data  on  Victor 
Chemical's  dioctyl  "lsooctene'phosphonste  and  di octyl  benzenephosphorate , 
both  of  which  were  reported  in  Technical  Peport  Bo.  17.  In  both  Instances, 
the  "i*ooctene"pbospborate  is  aoTv.  viscous  than  the  benzenephosphonate  at 
100°  7  and  210*7.  In  the  case  of  the  dioctyl  derivatives,  however,  the 
viscosity  at  -*0*F  was  lower  far  the  "lsooctene "phoephonate  than  far  the 
benzene  derivative.  Consequently,  at  low  temperatures,  an  lsooctene  deriva¬ 
tive  would  be  more  desirable  than  the  one  containing  benzene. 

The  phospbonoethyl  xyristate  with  the  highest  71  (D  and  D)  in 
Table  2  also  had  a  high  peu*  point  as  was  the  case  with  the  hexadecane- 
phosphooate  reported  previously.  While  the  phospbonoethyl  adipate  ester  had 
both  high  71  and  low  pour  point.  Its  corrosion  was  very  high  and  thermal 
stability  poor.  These  latter  deficiencies  may  be  due  to  the  fact  that 
traces  of  the  brcmoethyl  adipate  remined  in  the  sample. 

5.  flzamblllty 

The  two  flsmsblllty  tests,  the  semi -micro  open  cup  flash 
point  apparatus  and  the  pipe  cleaner  test  (see  Technical  Reports  Noe .  II  and 
III)  were  used  far  these  compounds  for  which  sufficient  sample  was  available. 
Most  of  the  more  viscous  compounds  (viscosity  at  100*7  over  10  cs.)  had 
flash  points  above  1*00*7  and  the  pipe  cleaner  results  vere  considerably 
higher  than  FT -1,  the  flammability  standard  for  .smo-jJlJOA,  interim  type 
aviation  hydraulic  fluid. 

The  micro-flash  point  for  the  new  preparation  of  bis-2,2,-(butyl 
benxencphosphinl co ) ethyl  ether  was  over  500*7.  It  is  thus  the  highest  of 
any  compound  tested  to  date.  The  Ms(7-*thyl-4-tMaoctyl)  "lsooctene” - 
phosphorate  bad  the  highest  non-flammability  of  any  of  the  monopboaphorua 
compounds  tested  and  was  equal  to  that  of  stoat  of  the  biaphosphono  compounds. 

The  phosphoric  amide  had  s  lover  flash  for  its  viscosity  than  most 
of  the  other  compounds  shown  In  the  table. 
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In  the  dibutyl  C®  phosphorate  aeries,  the  n- octane  vao  the  least 
flamuable,  while  the  "isooctene"phosphonftte  was  the  zaoat  f  lfuanable  in  spite 
of  having  the  highest  viscosity  of  the  four  compounds  In  this  series. 

6.  Thermal  Stability 

Eleven  of.  the  new  compounds  shoved  excellent  thermal  stability 
when  heated  for  2k  hours  at  150*C  in  the  presence  of  carbon  dioxide  while 
three  were  borderline  (about  5^  viscosity  change)  and  four  were  poor. 

The  two  topped  or  "not-distilled"  products  of  bi a- 1,6- (dibutyl 
phosphono) hexane,  the  bis-l,V-( dlbutyl  phosphonomethyl) benzene  and  bisl3- 
( dibutyl  phosphono) ethyl]  adipate  shoved  poor  thermal  stability  while 
1,5  pentanediol  di(bia-2-ethylhexanephosphinate),  bis-l,^- (dibutyl  phosphono) - 
butane  and  2- (di butyl  phosphono) ethyl  myri state  were  borderline  cases  giving 
about  yfc  change  in  viscosity  at  210*7  during  the  teat. 

7-  Corrosion  and  Oxidation  Stability 

This  teat,  described  in  Report  No.  Ill,  is  a  semi-micro  version 
of  the  Federal  Specification  test  for  light  mineral  oils,  W-L-791d,  test 
530.81.  The  modified  test  uses  the  sastt  five  metals  as  catalysts,  air  circu¬ 
lation  and  a  test  temperature  of  250*7.  The  duration  of  the  test  was 
decreased  from  168  hours  to  71  hours  to  provide  an  average  level  of  oxidation 
equivalent  to  that  obtained  in  the  full-sct'le  test. 

The  bis(3,5,5-trimethylhexyl)  "is 00c tene " phoaphona te  was  the  only 
compound  to  give  no  oxidation  or  corrosion  under  the  conditions  of  this  test 
and  thus  is  comparable  to  the  results  reported  previously  for  dibutyl 
butanephosphonate  and  butyl  dibutanephosphinate .  Compounds  shoving  moderately 
low  corrosion  or  oxidation  were:  dibutyl  benxenephoaphonate,  2- (dibutyl 
phosphono) ethyl  cyrlstate,  bis-l,U-(dibutyl  phosphono) butane,  bia-2,2’- 
(dibutyl  phosphono) ethyl  ether,  bis-l,6-(dibutyl  phosphono) hexane  (bottoms 
products)  (although  poor  thermal  stability  was  evidenced  here),  bis-2,2’- 
(butyl  benxer.epbosphinlco) ethyl  ether,  1,5-pentanediol  di(bls-2-ethylhexane- 
phoephinate)  »ad  bia(2-ethylbexyi)  N,N-diisopropylpho»pharic  amide. 

All  of  the  preparations  of  the  dibutyl  C®-pbosphonate  series  gave 
high  corrosion.  Of  the  series,  the  dlbutyl  " iaocc tene"phosphonate  vas  the 
most  stable  from  the  standpoint  of  acid  neutralisation  number,  viscosity 
increase  and  corrosion.  This  high  corrosion  vas  surprising  since  the  dinonyl 
‘,laooctens"pho6phonate  and  the  dlbutyl  butanepbeephonate  were  both  non- 
corrosive. 


It  is  apparent  that  most  of  the  or gano- phosphorus  compounds  vould 
require  inhibitors  in  applications.  The  vide  variation  in  corrosion  due  to 
small  traces  of  impurity  is  evidenced  by  the  data  for  the  two  distillate 
samples  of  bis -1,6- (dlbutyl  phosphono) hexane  (JW- 197*3^,  cuts  2,3,^  and  5 
and  197-^9) •  The  heart  cut  from  the  molecular  distillation  ~f  preparation 
JW-197-3^  had  an  acid  number  of  0.26.  This  material  vas  tested  both  as 
distilled  and  after  caustic  treatment.  The  treatment  consisted  of  refluxing 
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with  an  excess  of  IN  caustic  until  no  more  caustic  reacted  (2  hrs.  at  102  C 
in  this  case).  The  acidity  was  reduced  to  0.02.  The  copper  corrosion  before 
treatment  was  8k. 2  ag/cm2,  after  treatment  0.52  mg/ca?.  The  viscosity 
Increase  dropped  from  6 3^  to  3*51t  after  treatment.  Similarly  the  acid 
neutralisation  number  of  the  used  oil  dropped  from  27. 1  to  0.27  by  this 
relatively  simple  treatment.  However,  in  other  preparations,  caustic  treat¬ 
ment  does  not  show  this  phenomenal  Improvement  and  an  Initial  low  acidity  Is 
no  guarantee  of  low  corrosion.  Corrosion  and  oxidation  inhibitors  are 
discussed  In  a  later  section. 

8.  Wear  and  Friction 

Wear  and  friction  studies  of  seme  of  the  organo-phosphorus  compounds 
described  in  this  report  and  In  Report  No.  IV  were  determined  in  the  Four- 
ball  apparatus.1*  The  conditions  employed  in  the  present  studies  are:  2-hour 
test  at  7  kg.  load,  80*C  and  600  rpm.  Since  the  compounds  tested  include  a 
number  reported  previously  and  only  a  part  of  them  are  included  in  Table  2, 
the  friction  and  wear  data  are  summarized  separately  In  Table  3. 

While  the  number  of  compounds  of  each  class  are  as  yet  Insufficient 
to  warrant  extensive  conclusions,  the  following  tentative  observations  may  be 

made: 


a)  The  phosphates  are  superior  to  other  types  of  phosphorus 
derivatives  of  comparable  structure  examined  thus  far.  Tributyl  phosphate 
gives  low  wear  while  dibutyl  butanephosphonate,  butyl  dlbutanephosphinate  and 
trlbutylphosphlne  oxide  all  give  high  wear.  Aliphatic  phosphates  as  a  class 
are  superior  to  aromatic  phosphates. 

b)  With  a  series  of  dlbutyl  alkanephosphonates.  Increase  in 
chain  length  of  the  alkane  group  reduces  wear  as  Illustrated  in  Figure  2. 

The  dlbutyl  hexrdecanephoaphonate  gave  the  lowest  wear  obtained  to  date. 

The  low  wear  for  dl octyl  methanephosphonate  appears  to  be  an  exception. 

This  effect  of  variation  of  chain  length  appears  to  hold  also  for  the  phos¬ 
phine  oxides  (see  Figure  2). 

Changing  the  chain  length  of  the  alkyl  groups  in  phosphonates 
also  changes  wear  but  to  a  much  smaller  extent  then  does  a  similar  change  in 
the  alkane  group.  Thus,  changing  from  butyl  to  2-ethylhexyl  or  3,5,5-^ri- 
methylhexyl  groups,  in  the  dl-R"ieoocteneB phosphonates,  decreased  wear  very 
little,  i .e. ,  from  O.52  to  O.h2-O.kk  while  increasing  the  chain  length  to 
7-methyl-k-thiaoctyl  gave  only  0.M>.  The  thioether  chain  n6.y  be  considered 
Caspar able  to  the  ether  linkage  in  giving  higher  wear  than  an  equivalent 
hydrocarbon  chain.  Dibutyl  butoxyethoxyethanephosphonate  has  a  wear  value 
comparable  to  a  5  carbon  chain  (see  Figure  2). 

c)  Unsaturatlcn  usually  favors  lover  wear.  Examples  of  both 
oleflnl c  and  aromatic  unsaturatian  Indicate  increase  in  wear  after  hydrogena¬ 
tion  in  both  phosphine  oxides  and  phosphonates.  A  corollary  to  this  tentative 


12  A  description  of  this  test  Is  given  by  R.  C.  Larsen  in  Lubrication 
Engineering,  p.  35  (August  19^5)- 


Fig.  2  and  Table  2  follow. 


e  2.  VARIATION  IN  WEAR  WITH  CHAIN  LENGTH 
OF  LONGEST  CHAIN  IN  ALKANE  GROUP 
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finding  would  indicate  that  srmatic  groups  we  bet than  aliphatic  at 
naphthenic  groups  in  lowering  wear  with  compounds  othe*  than  phosphates. 

Thus  his(2-ethylhfi2yl)phenylphosphiJ»  oxide  is  lever  than  either  tris(2-«thyl- 
hexyl) phosphine  oxide  or  bis{2~etbylbexyl)cyclohexylpLo9piiae  oxide.  Also 
bis-2,2* -(butyl  benaeaepho8phinico)ethyl  ether  is  considerately  better  than 
bie-2,* *-(£ibutyl  p&osphono) ethyl  ether, 

d)  tow  friction  va?  obtained  with  only  a  trv  compounds, 
notably  2- (dibutyl  phosphoao) ethyl  myrt state,  dibutyl  hexadecanephoaphonate 
and  the  reaction  product  of  tributyl  phosphite  and  ep i ehlorohydr in ,  ell  of 
which  gave  relatively  low  wear  also, 

e)  High  wear  was  obtained  with  the  his(dibutyl  phosphoao) 
conpounda  whether  the  connecting  group  between  the  phosphorus  was  a  four  to 
six  carbon  chain  or  an  ethyl  ether  linkage.  This  high  wear  was  comparable 
to  that  obtained  with  an  undoped  mineral  oil  (Houston  100  HVI  neutral) . 

However,  the  epichlorohydrln- tributyl  phosphite  reaction  product  mentioned 
above-  which  should  be  a  mixture  of  (C«HgO)2PO-C^-CH(OC4Hg)-CH2-PO-(OC4He)2 
and  (C*H90)2  PO-CIfe-CHOH-C!^-PC(OriHe)2  did  give  low  wear  and  friction. 

Short  chain  (C*  or  shorter)  diisepropylamido  phosphorates  gave 
high  wear,  while  the  corresponding  amidophosphites  and  phosphide  amide  gave 
intermediate  wear  values.  A  longer  chain  (2-ethylhexyl)  phosphoric  amide 
gave  the  lowest  wear  of  the  nitrogen-phosphorus  compounds.  This  compound, 
bie -(2-ethylhexyl)  diisopropyl  phosphoric  amide,  was  the  most  attractive  of  the 
amides  from  an  all  around  standpoint. 

The  amines  appeared  to  give  lower  wear  than  amides  of  compar¬ 
able  molecular  weight 

Coi relation  of  four-1  .11  wear  data  with  wear  in  hydraulic 
puaps  (see  Motor  Laboratory  Evaluations)  has  been  unsatisfactory.  Dioctyl 
"styrene',phosphonatel  which  gave  low  wear  in  the  four-ball  apparatus  at 
either  7  or  bo  kg.  load,  gave  high  wear  (a  ten-fold  increase)  in  the  Pesco 
gear  pump  in  comparison  to  mineral  oil.  A  recheck  will  be  made  with  a  new 
set  of  gears. 


B,  Correlations  between  Properties  and  Molecular  Structure. 

1.  Dibutyl  WB” -phosphorates 

TrT0)2-PCffi  where  B  is  C3, - Cie,Cio0z 

A  large  number  of  dibutyl  B-phosphonates  have  been  prepared  in 
which  the  B  g**oup  varies  from  C3  tc  CieQ2*  The  data  are  summarised  in  Table  4 
for  a  systematic  comparison  of  properties. 

There  is  surprisingly  little  variation  in  VI  with  increasing  viscos¬ 
ity  from  1  C8.  at  210  °F  for  the  2-propenephosphonate  to  1.75  cs.  for  the 
butoxyethoxyethanephosphonate .  The  lowest  and  the  highest  VI  (D  and  D)  for 
this  group  are  for  the  " lsooctene"phosphonate  and  the  (hydrogenated)  "iso- 
octane "phosphonate,  respectively.  For  this  group  of  compounds,  the  viscosity 
of  -4o°F  varies  between  55  and  400  cs.  with  the  highest  viscosity  possessed 
by  the  compound  with  the  lowest  VI. 


-23- 


Report  Ho.  S-1J259 


The  two  Cie -phosphorates,  dibutyl  n-hexadecanephosphonate  and 
2- { dibutyl  phosphono) ethyl  ayristate,  have  very  high  VI,  hut  unfortunately 
the  poor  points  are  also  high,  +^5*V  (Table  3,  Report  IV)  and  +79*F  (Table  2 
this  report) .  Both  had  excellent  nonf laanability  in  comparison  with  other 
monophosphonates  of  equal  viscosity  or  molecular  weight  (such  as  the  dioctyl 
"isoocteneMphosphonate).  The  n-hexadecane  derivative  gave  the  lowest  wear 
of  any  of  the  phosphorus  compounds  tested  to  date  in  the  four-ball  apparatus. 
The  phospuonoethyl  ayristate,  on  the  other  hand,  gave  the  lowest  friction  of 
any  of  the  pure  compounds.  It  also  gave  moderately  low  wear.  The  friction 
with  the  hexadesanephosphorate  was  lower  than  for  most  of  the  other  phospho¬ 
rus  compounds  (see  the  section  on  Wear  for  further  discussion). 

Of  the  group  of  dibutyl  MCeH -phosphorates,  the  n-octanephosphonate 
gave  the  lowest  wear  and  best  nonflasmability.  The  "  isooctane 1 "phosphorate 
gave  the  highest  VI  and  highest  wear  while  the  "isoocteneMphosphorate  had 
the  best  oxidation  resistance  but  lowest  VI  and  poorest  nonflammability  in 
spite  of  the  hlghes  viscosity.  The  2-ethylhexanephoephonate  had  the  best 
low  temperature  viscosity  as  well  as  the  lowest  viscosity  at  10Q°F  or  210°F, 
and  the  highest  oxidation  and  corrosion. 

Although  the  oxidation  and  corrosion  of  many  of  the  compounds 
shown  in  this  table  were  very  high,  it  is  believed  that  inhibitors  could 
probably  correct  these  properties. 

2.  The  D1*B" isooctene"phoBphonate8 

(R0)2-P0-C8Hx5,  where  R  is  C4,  Ca,  C5SC3,  and  C9 

Four  "isooctene"pbosphorate8  are  available  for  comparison. 

The  dioctyl  (actually  2-ethylhexyl)  "ioooctene"phosphonate  was  obtained  from 
Victor  Chemical  WorAa.  The  others,  the  dibutyl,  the  bis (3, 3, 5-trimethyl - 
hexyl),  and  the  bis(7-Eethyl-4-thia0.ctyl),,isooctene"phosphondtes  were 
prepared  at  Etoeryville.  Their  properties  are  compared  in  Table  5- 

The  bi8(3,5/5-trimethylhexyl)"iflooctene"phosphonate  had  the  best 
oxidation-corrosion  resistance  of  any  of  the  phosphorus  compounds  tested 
in  this  program.  This  compound  also  had  a  relatively  high  VI,  higher  vis¬ 
cosity  at  100 *F  than  most  of  the  other  phosphonates,  good  nonflammability 
and  good  thermal  stability.  Viscosity  at  low  temperatures  may  present  a 
problem. 


The  bis(7-methyl-4-thiaoctyl)"ieooctene"pbospbonate,  in  compari¬ 
son  with  the  above  nonyl  derivative,  had  a  higher  viscosity,  higher  VI, 
better  nonflammability,  and  adequate  thermal  stability.  Although  copper 
corrosion  was  very  high,  oxidation  remained  at  a  relatively  low  level. 

Viscosity  at  -hO°F  of  this  compound  Is  superior  to  that  for  the  di nonyl 
" i sooctene”phoephonate  above . 

Although  not  included  in  this  group  a  few  notes  on  the  bis(7- 
methyl-^-thiaoctyl)  benzenephosphonat.e,  previously  reported  ip  Technical 
Report  No.  17,  are  pertinent.  The  benzenephosphonate  had  better  oxi  tion- 
corroeion  stability  than  the  'Isooctene  "phosphorate  prepared  from  the  3-hydroxy- 
propyl  isoamyl  sulfide.  The  viscosity,  VI  and  nonflammability  of  the 

Tables  4  and  5  follow. 
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benzenephoephonate  vere  slightly  lover  than  those  of  the  ” is 00c tene" phospho¬ 
rate.  The  viscosity  at  100*7  of  the  benzene phosphorate  vas  about  equal  to 
that  of  the  dinonyl  "isooctene"phosphorate>  but  viscosity  at  -40*7  vas  almost 
one-half  that  of  the  nonyl  derivative. 

The  dioctyl  "isooctene  "phosphorate  of  Victor  is  intermediate  in 
viscosity,  nonflaanabillty  and  corrosivity  between  dibutyl  "isooctene"phospho- 
rate  ard  the  nonyl  and  thlaoctyl  derivatives  discussed  above.  Viscosity  at 
-40*7  is  less  than  on p -half  that  for  the  thiaoctyl  derivative  and  cne-fourth 
that  for  the  nonyl  derivative.  However,  a  di octyl  2-ethylhexanephosphorate 
would  probably  have  even  better  low  temperature  properties.  The  VI  of  the 
" isooctene "phosphorate  was  poor  as  was  oxidation  stability.  This  compound  is 
being  used  for  further  inhibitor  studies  since  the  level  of  oxidation  is 
rather  high. 

Although  the  di  butyl  "isooctene "phosphorate  exhibits  high  corrosion 
to  copper,  the  oxidation  level  vas  relatively  low.  The  viscosity  at  -4o°P 
was  about  one-ninth  that  of  the  dioctyl  derivative,  although  the  viscosity  at 
100*7  vas  only  one-half  that  for  the  dioctyl  "isooctene" phosphorate. 

3.  Bis  (dibutyl  phogphono  Compounds 

( C*0)a-P0-B-PO-  (OC4T2  where  4  is  C2,  C2O, - Cic P* 

During  the  last  quarter  major  emphasis  has  been  placed  on  the 
bisphor;hono  compounds  since  viscosity,  VI  and  nonflaanabillty  have  generally 
been  high  in  this  group.  The  data  on  new  preparations  of  prev^usly  reported 
compounds  as  well  as  on  new  cocqpounds  are  sunmarlzed  in  Table  6.  Pertinent 
data  from  previous  reports  are  also  included. 

The  viscosities  of  the  ethane,  methyl  ether,  butane,  pentane,  and 
ethyl  ether  derivatives  fall  in  the  r»nge  of  12  to  15  cs.  at  100*7  and 
viscosity  indices  between  95  end  110.  The  viscosity  at  -40*7  Increases  from 
about  1400  cs.  for  the  methyl  ether  to  2000  cs.  far  the  butane,  2150  cs. 
for  the  pentane  and  2J00  cs.  far  the  ethyl  ether  derivatives.  The  viscosi¬ 
ties  of  the  preparations  of  the  hexane  derivative  are  considerably  higher  at 
100*7,  17  to  20  cs.,  with  one  exception,  JVW-197-16  bottoms.  The  low  value 
of  this  product,  12.94  ce.,  is  attributed  to  some  lower  viscosity  impurity. 
The  viscosity  at  -40*7  on  the  hexane  derivative  ranged  from  134 ^  cs.  on  the 
very  low  viscosity  product  to  355 0  cs.  on  the  highest  viscosity  overhead 
heart- cut. 


The  other  compounds,  in  order  of  increasing  viscosity  at  100  7,  are 
ethyl-bia-2,2'-(dibutyl  phosphono)et’'vlairine,  22  cs.;  ethyl  adipate  derivative 
(JVW-16-173;,  25.7  cs.;  and  the  dime thy lbensene  derivative  (VWB-2-246),  36. Ice. 
This  last  product  has  the  lowest  VI  and  the  highest  pour  point  and  bo  is  not 
so  attractive  from  the  physical  properties  standpoint,  although  nonflaamabllity 
was  excellent.  The  adipate  ester  had  the  highest  VI,  lev  pour  point,  good 
nonflaanabillty  but  very  high  oxidation  and  corrosion.  Nonflaanabillty  for 
the  group  was  generally  high  but  the  ethylamine  derivative  was  low  in  micro 
flash  and  fire  for  its  high  viscosity.  The  pipe  cleaner  tests  on  this  latter 
compound  were  better  than  would  be  expected  from  the  micro  open  cup  apparatus. 


Table  6  follows. 
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The  general  level  of  oxidation  and  corrosion  stability  was  rather 
low  an  most  of  these  compound*  with  the  exception  of  the  hexane  derivatives 
which  were  excellent.  The  one  hexane  preparation  which  did  give  high  corro¬ 
sion  was  readily  corrected  by  refluxing  with  1  V  caustic  as  previously 
noted.  As  a  class,  the  bis(dl butyl  pbosphoco)  compounds  gave  high  wear  in 
the  four-ball  apparatus.  Since  undoped  alntral  oils  also  give  conparable 
high  wear,  the  significance  of  this  factor  r  wains  to  be  assessed  aore 
thoroughly.  Data  for  several  bls-phosphlnates  and  a  phosphate  are  also 
given  at  the  batten  of  Table  6  tar  ccnparlson.  Of  these,  bis -2, 2' -(butyl 
becxenephosphlnl co ) ethyl  ether  had  the  highest  viscosity  of  any  of  the  non- 
polymeric  compounds  prepared  to  date,  the  best  nonflaaaablllty  and  relatively 
low  oxidation  and  corrosion.  However,  Its  VI  is  low,  21  or  22. 

The  two  1,5-pentanediol  derivatives  had  higher  viscosity  than  most 
of  the  bis (dibutyl  phos phono)  derivatives  at  the  toy  of  Table  6  since  these 
two  preparations  contained  octyl  groups  In  place  of  the  butyl  groups.  The 
phosphlnate  a  higher  viscosity  and  lower  VI  than  the  phosphate,  a  trend 
noted  earlier  with  the  butyl  dlbutanepboaphinate  and  tributyl  phosphate. 
Corrosion  and  oxidation  were  relatively  low  in  either  case  with  the  phos¬ 
phlnate  being  slightly  better.  In  line  with  Its  higher  viscosity,  the 
phosphlnate  has  a  higher  nonflswabllity  but  the  difference  is  slight. 


k.  Dioctyl  Pllsopropylphoephorlc  Amide  and  Dloctyl 
"Iaooctane*phomphonate 


The  phosphoric  amide,  for  which  data  are  given  In  Table  2,  has 
the  lowest  pour  point  and  highest  VI  of  any  of  the  snides  (not  counting  the 
amide  phosphites  of  very  low  viscosity  which  were  reported  in  Technical 
Report  So.  IV).  The  viscosity  at  100*7  coincided  with  that  for  the  dloctyl 
,,iaocctene"phosphonate  and  consequently  useful  comparisons  can  be  made 
between  the  two  products.  Substitution  of  the  (CaBrJsH  for  the  C^Hx9 
attached  to  the  phosphorus  atom  Increases  viscosity  at  -kO  T,  lowers  VI, 
reduces  nonflammability  slightly,  and  lowers  oxidation  and  corrosion  As 
pointed  out  above,  the  viscosities  at  -60*,  -1»0*,  IDO*,  and  210*7  fell  on 
a  straight  line  on  the  ASTM  chart  for  the  amide. 


C.  Additive  Studies 


1.  Corrosion  and  Oxidation  Inhibitors 


Since  most  of  the  compounds  prepared  under  this  contract  do 
not  have  as  high  oxidation  and  corrosion  resistance  as  vould  be  required 
for  many  applications,  It  is  Important  to  find  satisfactory  Inhibitors 
before  attempting  an  extensive  larger -scale  evaluation  program.  Even  the 
compounds  which  were  quite  stable  in  the  purified  form  would  probably 
require  inhibitors  in  larger  seals  production.  The  conventional  inhibitors 
for  mineral  oils  for  the  most  part  are  not  generally  satisfactory  in  these 
or gano -phosphor us  compounds.  Inhibitors  that  are  successful  with  phosphates 
appear  to  shew  promise  with  phosphonstes  and  possibly  pbosphinstes . 

The  first  inhibitor  studies  were  made  using  Victor  Chemical  Works 
dloctyl  " styrene" phosphonata.  This  compound,  without  inhibitor,  is  being 
tested  in  the  Motor  Laboratory  as  the  first  phosphorus  compound  for  evaluation 
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as  s  large  scale  (see  following  Section).  Although  this  product  gave 
relatively  low  corrosion  and  oxidation,  in  comparison  with  moot  of  the 
high-purity  saaples  prepared  under  this  contract,  the  corrosion  was  suffi¬ 
cient  to  give  concern  In  actual  use. 

The  snail  scale  laboratory  oxidation  and  corrosion  test  was  used 
to  test  a  series  of  Inhibitors  and  combinations.  The  data  are  given  In 
Table  7*  Whereas  the  conventional  inhibitors  for  alneral  oil,  phenyl 
alpha-naphthylanlne  or  2 , 6-dl  -  tart  iary  -butyl  -4  -nr  thyiphenol ,  gave  increased 
oxidation  or  copper  corrosion  In  dioctyl  "styrena"phosphonate,  the  coabi- 
natlon  of  glycidyl  phenyl  ether  with  disulfide  reduced  oxidation  and  corro¬ 
sion.  An  Investigation  of  Inhibitor  concentrations  with  the  ooeblnation 
using  bis (methylene  tolyl  sulfide)  in  place  of  the  vex  disulfide  Indicated 
that  1)1  Inhibitor  appeared  to  be  optima.  Blend  iGOk  was  tested  in  the 
Peico  gear  pump  (see  Motor  Laboratory  evaluations) .  The  bis(aethylene 
tolyl  sulfide)  looked  mare  attractive  than  benzyl  disulfide  at  the  sane 
concentrations.  It  also  has  an  advantage  over  the  wax  disulfide  of  misci¬ 
bility  with  the  glycidyl  phenyl  ether.  Pheaothlaxlne,  which  is  satisfactory 
with  some  synthetic  oils,  did  not  give  any  Improvement  with  dioctyl  "styrene"- 
phoephonate. 

This  same  combination  of  glycidyl  phenyl  ether  and  either  wax  di¬ 
sulfide  or  bis  (methylene  tolyl  sulfide)  was  tested  in  a  bia-1,1' -(dibutyl 
phosphoric ) methyl  ether,  a  bls(3,5>5-tri*ethylhexyl)  nlsooctene"phospfaonete 
thickened  with  polymer,  end  In  a  bis-1, 6- (dibutyl  phosphono) hexane -polymer 
blend.  The  data  are  given  in  Table  8. 

The  methyl  ether  derivative  (DH- 10-26)  gave  high  copper  corrosion 
and  moderate  acidity.  Fhenothlaslne  had  little  effect,  dropping  acidity  but 
increasing  corrosion.  The  glycidyl  phenyl  ether-wax  disulfide  on  the  other 
hand,  lowered  copper  corrosion  but  increased  acidity.  The  thickened  blend, 
containing  dlnonyl  adipate  to  solubilise  the  polymer  in  this  base  stock,  was 
inhibited  with  the  glycidyl  phenyl  ether  and  bis  (methylene  tolyl  sulfide) . 
Copper  corrosion  on  this  blend  was  less  than  one-half  that  of  the  original 
vhlle  acidity  was  about  the  same  as  the  original. 

With  the  dlnonyl  nlsooctane"phocphooate,  the  low-corrosion  and 
oxidation  was  greatly  Increased  by  the  addition  of  polymer  but  the  Inhibitor 
combination  then  brought  the  oxidation  and  corrosion  back  below  the  original 
low  level. 


In  the  very  corrosive  bis-1, 6- (dibutyl  phosphono) hexane,  the  inhi¬ 
bitor  combination  gave  a  email  decrease  in  oxidation  and  corrosion  but 
caustic  treatment  of  the  original,  described  above ,  was  more  effective, 
reducing  it  to  a  very  low  value  (see  JW- 197-^9) • 

Subsequent  Inhibitor  studies  will  be  made  with  Victor's  di octyl 
"ieooctene"phoephonete  as  a  base.  This  coepounfl  is  less  stable  th  n  the 
dioctyl  styrene  phosuhonete  and  should  be  more  sensitive  to  inhibitor  action. 


Tables  ^  and  8  follow. 


Table  8.  INHIBITOR  STUDIES  ON  OTHER  PH OS PH GRATES 
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2.  Viscosity  Index  Improvers 

Since  the  majority  of  the  compounds  prepared  under  this 
contract  have  had  relatively  low  viscosities,  it  is  of  interest  to  examine 
their  reaponae  to  the  uae  of  thickener a  to  raise  viacosity  and  VI.  Accord¬ 
ingly,  a  preliminary  examination  has  been  made  of  the  miscibility  of  the 
conventional  VI  improvers  with  a  few  or ®ano- phosphorus  compounds.  The  data 
are  given  in  Table  9. 

Baaed  an  earlier  work  with  phosphates  and  other  synthetic  oils, 
the  greatest  Increase  in  VI  for  a  given  increase  in  viscosity  io  usually 
obtained  with  the  alkyl  methacrylate  polymers  or  copolymers  (Acryloids). 

Other  thicker  era  of  commercial  Importance  are  alkylated  styrene  polymer 
(Santodex)  and  polylsobutylene  or  polybutenes  (Par a tone,  Vlstanex,  Indopola) . 
In  bosk  instances  Santodex  shows  better  miscibility  over  Aery lo id  for 
phosphates.  Most  of  the  present  work  was  done  with  Acryloids,  either 
HF&55  or  BF0125.  In  one  Instance  with  bis  (dibutyl  phosphono) ethyl  ethers 
when  one  of  the  compounds  was  Immiscible  with  Acrylold,  a  Santodex  blend  was 
tried  but  was  also  imalacible. 

Addition  of  Acrylold  to  either  the  di octyl  or  the  dinonyl  "iso- 
octene"phosphonate  (blends  1306  or  1619)  gave  a  large  increase  in  VI  but 
only  a  small  drop  ir  ratio  of  viscosity  at  100'F  to  viscosity  at  210*F. 

With  the  dloctylphenylphoaphlne  oxide  both  the  VI  improvement  and  drop  in 
ratio  were  large  but  the  original  '"I  was  so  low  that  the  final  VI  of  33  was 
still  lower  than  most  of  the  organo- phosphorus  compounds . 

With  the  bis  (dibutyl  phosphono)  coapounda,  Acrylold  was  not 
miscible  with  either  methyl  or  ethyl  ether  derivatives  but  vac  miscible  with 
both  butane  and  hex.  ne  derivatives.  Santodex  was  also  not  miscible  (at  5^ 
concentration)  in  the  ethyl  ether  derivative.  Both  of  the  immiscible  bia- 
phos phono  ethyl  ether  blends  with  Acrylold  or  Santodex  could  be  solubilised 
with  about  of  di octyl  "iaoocter*"phoaphonate  as  shewn  by  blends  1627 
and  1629.  The  VI  improvement  and  decrease  in  viscosity  ratio  was  greater 
for  the  Acrylold  blend  than  with  the  santodex  although  the  concentration  of 
the  latter  was  slightly  lower. 

The  hi s-l,^-( dibutyl  phosphono) butane -Acrylold  blend  (No.  1626) 
shaved  a  greater  increase  in  VI  and  drop  in  ratio  than  the  corresponding 
blend  In  bis -1,6- (dibutyl  phosphono) hexane  (No.  1638). 

As  pointed  out  above,  the  addition  of  polymer  to  these  compounds 
often  necee'ttates  the  simultaneous  addition  of  oxidation-corrosion  inhibi¬ 
tors  to  give  stable  products. 


Table  9  follows. 
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MOTCB  LABORATORY  EVALUATIQfK 


I.  Introduction 


In  addition  to  41 octyl  'etyrene^phospho&ate,  the  coemercial 
preparation  discussed  previously  (I V-j6),  the  Motor  Laboratory  has  obtained 
a  light  mineral  oil  (HVI  100  Neutral,  Houaton  at  :k  -  Reference  designation, 
K-1500)  to  use  as  a  further  orientation  aid  in  . .aluating  the  materials 
prepared  under  the  Contract.  A  list  of  physical  properties  of  the  two 
reference  fluids  is  provided  in  T*ble  10  following,  free  which  it  may  be 
seen  that  the  two  materials  possess  certain  rather  similar  characteristics: 

Table  10.  Properties  of  Reference  Fluids 


Fluid 

Viscosity 

Acid  No. 

Pour 

Micro* ?  ! 

Name 

No. 

Source 

ca. _ 

V.I., 

ag.KOH/g. 

Point 

Flash 

Fire 

100*1 

210  F 

D.drt- 

•? 

Point 

*F 

Point 

*F 

Dioctyl  "styrene" 
phosphonate 

K-1508 

Victor 

Chem. 

27-13 

4.02 

-1 

0.8 

-55 

435 

505 

HVI  100  Neutral 

K-1500 

Shell 
0U  Co. 

21.78 

4.11 

96 

0 

+10 

400 

445 

1)  Dean  and  Davis. 

2)  See  Report  III-18  ror  description  of  test. 


II.  Preliminary  Evaluation 

A.  Peaco  Gear  Pump  Studies 

The  Peaco  aircraft  hydraulic  puup,  Model  jo--3b9,  has  beon  chosen 
for  wear  and  fluid  deterioration  evaluation  of  those  of  the  C«.-itract  materials 
that  are  operable  In  this  equipment.  The  test  stand  employs  a  simple 
recirculating  ays tea  with  reservoir,  pump,  loading  valve,  heat  exchanger, 
filter,  and  the  necessary  gages  and  control  equipment.  Table  11  summarizes 
the  operating  conditions  and  lists  the  results  of  initial  teste  of  the  two 
reference  fluids.  Changes  in  viscosity  and  acid  number  were  ncsinal  in  the 
seven  tests  completed  to  oste  (Table  11),  but  the  pump  wear,  as  measured  by 
the  weight  losses  cf  the  gears  and  their  supporting  bushings,  was  notably 
higher  with  the  phosphonate  (Test  VI-151)  than  with  the  mineral  oil  (Test 
VI-150).  PrellEinai/  attempts  to  achieve  more  satisfactory  wear  values  by 
means  of  either  anti-oxidation  and  corrosion  or  anti-wear  additives  in  the 
phosphonate  (Teats  SVX-154  and  155)  were  unsuccessful . 


More  additive  studies  are  contemplated  "or  the  Peeco  apparatus, 
as  veil  as  wear  investigations  of  additional  commercial  phospberoug  compounds, 
before  work  is  initiated  with  cca^pouncs  synthesised  under  the  Contract. 


\ 
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B.  Lauson  Engine  Teat 

♦in  engl as  test  of  the  EVI  100  Kestrel  reference  oil  has  been 
started  in  a  single-cylinder,  liquid- cooler ,  four- stroke  cycle  gasoline 
engine  (Lauacn  Model  Uj  bere  2.6  in.,  stroke  2.3  in.).  Satisfactory 
operation  has  been  obtained  despite  the  lov  viscosity  of  the  oil.  The 
c'vsplete  teat  results,  together  vlth  a  full  description  of  the  equipment 
and  procedure,  will  be  reported  later.  The  dioetyl  " styrene 'phoephonate 
lc  also  scheduled  to  be  run  in  tne  Lauson  engine. 


WEV:fhb 


Wllliaa  E,  Vaughan 
as  Coordinator' 


Appendices  A  and  £ 


Table  18.  C  a  peg  ft  ton  and  feet  geeufte  of  Flutde  )wa»t>qit»d  in  the  Hi 


used;  8ft  -  Glycldyf  phony  I  ether  SC-1508  -  Dtoetyf  Styrene 'pho*  phone  t» 

TCf  •  Tricreiyl  pboephete  8|MTS)  •  6fe(aethyfen»  tolyl  tufffdO 
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appendix  a 


Pcraounei 

7ollcwing  Is  a  list  of  the  professional  personnel  vfao  have  been 
actively  associated  vith  the  contract  work  to  date  (Including  both  full- 
and  part-tiae  participants): 

Preparations 

S..A.  Ballard 

V.  W.  Buis  • 

B.  C.  Norris 
A.  B.  Stiles 

J.  L.  Van  Winkle 

W.  E.  Vaughan,  Coordinator 


Bench  Scale  Evaluations 


B.  G.  Larsen 
W.  7.  Boss 
8.  X.  Talley 
B.  E.  Thorpe 
7.  J.  Watson 


Motor  Laboratory  Evaluations 

A.  G.  Cattaneo 
A.  B.  Isitt 
J.  E.  Weigel 


Electrical  Properties 
J,  N.  Wilson 


Analytical  Work 

G.  W.  Bond 
7.  B.  Brooks 
A.  E.  O'Donnell 
E.  D.  Peters 
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APPENDIX  B 

Foraula  Indax  with  Cron  Rtfaranct  to  Pnwaratlona') 


Eaplrtcal 

Nmb 

Structural 

C4W 

aathyl  tllyl  phoaphlta 

(C%0)(C3^0)MH 

W¥ 

p-chlorobanzanaphoapheno;#  dl  oh  lor  Ida 

Ci*C$l|4>Cl2 

hW 

allyl  banzanaphoapMnata 

((^O)OM(Cel*) 

C^HjjCIQjP 

butyl  p>chlorobanzana(butana)phoaph1ft8ta 

cHW\W 

dt  butyl  p-chlorobeaxanephoaphonlta 

C|»W 

dl butyl  banzanaphoaphonata 

«C4^0^(C6l%)P0 

C|6»n0jP 

dlbutyl  ,leooctene8pho*phontte 

(C4ffeO^(CeHi5}PO 

cl6teV 

dlbutyl  jilaooetaMaphocpbonata 

(W^CgHjyjPQ 

C|8t5%P 

dibutyl  2“*athy!haxara  phosphorate 

<C4H^O)2<CeH!y)PO 

C|6»ft5%P 

dlbutyl  n-ectanaphoaphenata 

(C4^0)2(C8K|7)P0 

C|65fe5%P 

dlbutyl  butoxyathoxyathanaphoaphonsta 

(C4HgO)2(C4H90C2H40C2H4>PO 

C|gH<oO?Pi 

bl  a  (dlbutyl  phoaphono  )aethy 1  athar 

^HjOfePXH^O 

CI8h48(^P2 

tatrabotfllaaanathylanadlphoaphlna  oxide 

C20«44QbPJ 

bla«l,4»(dlbutyl  phoaphono  Jbwtana 

&C4H90>2PO-CH2-Ch£]  2 

C20«44^P2 

bl*»2, 2 '-(dlbutyl  phoaphono)athy|  athar 

CXlHttWfc 

b1a>|,5*(dl butyl  phoaphono Jpentane 

[(C4H9O  )2PO*C2 

C22H4flK^P 

b!a(2«athylhaxyl)NlN  dll3opropy|phoaphorlc  aalda 

(C0H|7O)2(C3H7)2NPO 

C22K4806P2 

bla-|,6-(d1buty!  phoaphono Jhaxana 

r<C4H90)2PaC3H^2 

C24KJ6«P2 

bla>2,2'(butyl  banzanaphoapMnieo)ethyi  athar 

[(C4H90)(C6H5)P£K2H4]20 

C24H44QBP2 

bt»-i,4»(<ffk«ty4  pboepbmtpeihyl  jbanxana 

(C4Hg0J2PtWH2-O  Ch)-PO(OC4H9 

C24H49^P% 

b1a(7«aathyl-4»thlaoetyl  J'Haooctana'phoaphonfrta 

(C5H||S-C3H8-0)2(C8H|5)P0 

C24H49%P 

2-(dlbutyl  phoaphono }athyl  ayriatata 

(C4H90)2P0(C2H4C0pC|3H27) 

C28*2Q|qP2 

bla  [>(dl  butyl  phoaphono )athy|j  adtpata 

fiC41^0)2PX2H4C00C2H4]2 

C26K53QJP 

bl  a  (3,5, Mr  f  aathy  1  haxy  1  )N1  aooctana 'phoa  ph  onata 

(C9«|90)2(C8H|5)P0 

C37H/804P2 

1,5-pentaradlol  <H(b1a-2-athylhaxanephoephlnate) 

RCeH|7)2P0-0C2H432  CH2 

C37H78O0P2 

1,5-pentmedlol  dt(bte-2-ethylhexyf  phoaphate) 

&C8H|70)2PO.X2H4]2  CH2 
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